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liitnidudion 

Ltirge areas nl the Adclaiilo Plains are aiiderlain by 
Ihe Pooraka l onimlion (Pirman l9r>7, PJW, Cullen 
v{ til. |9‘)5; Slieard lV Hovvniun 19%n a reddish 
brown coloured heistocene alluvial deposil vvidi 
vvenUy developed ealeareous pedogenie hori/ons 
dial iindetlics river terraces and alluvial Ians. Iliis 
unil is also wivlosprcad heyt'Ud the Adekmle Phuns. 
exiending tm lo Ihe Henrieu Peninsula and into tlie 
mid norih oT ilie slate, witeiv it Hanks the Flinders 
and (lawlet Ranges. 

The red coloured sedinioiiis ihai eompnse ihe 
widespreatl Pooraka 1 oniialion have been ascribed 
dillerenl names by \vt»rkers over rime and in di Herein 
areas. J‘oi example, (hey were originally relenvd (o 
as the ■mamniidirerons drifV by late ( IM7‘>) beeause 
skeletal remains of Ihe exlinel. giant marsupiak 
Dilvvtfhhu} ftpatfon, were reawered from them in 
are-as to the vvesi t)l ihe eil v of Adelaide. Ward < I9hf») 
telerred lo the sediments as ihe Christies Reach 
I'oimalioM Ml the Noarlunga and Willunga siih- 
hasins. Twidale (l9(iS) named them the klonvig 
.Sand during his investigation of the lepruees of Ihe 
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River Torrens, and Rom man (1%S. P.»bd‘) ret’on’od 
10 them as the Adare Clay where Ihey Hank the 
Rivers Hindmaish and Inman in Ihc Vieior Harbor 
area (l.oealilies shown on I ig. I) The led-eolotired 
alluvium hears eoiisislenl slraligraphic relationships 
lo a younger grey black alluvium |Waldeila 
r-ormation i>l‘ Ward (|9bb). Walkeivillc Sand o( 
I'widalc (I96S) and the BrecKan Sand ol‘ Rouimaii 
( I06H)k which torms lower teiiaees and Hoodplams 
set within vtilleys carved oul ol ihe red <ilkivium of 
the Pooraka l ormatlon l^siuamie shells eolleeled 
Irom SMihin the Wtddeila l•orlnallon in the lower 
reaches of the Onkaparinga River (Rom man 1*172) 
reUinied a raditiearhon age ol'd^sSH ± UiO years R.l* 
tRoiirman 1970). rjniing this middle Holoeene lime 
the lower, near coastal le.iehes olTnany streams were 
shallow, shellered esliiaries as revealed by the 
presence oj' hissilirerous marine dcposilsal depth up 
valley This micrpreiarion is supported by evideneo 
iVoin a localilv several kilometres Irom Ihe eoasl on 
the luwer Onkapannga River where an aboriginal 
kiichen middcli v« mi, lining estuarine shells vlaletl al 
5.S2H ± ‘10 years R.P. (N.R. Pindale pers. comm, in 
Twidalc t'/ di l%7) is sued on a well drainevi sand 
dune site al 20 m asl and ailjacent to the lomiei. more 
extensive esuiai*y. 

.\i 4 e.s ascribed to Hie Potiraka I'nrmatioii 
aiul its c(|iiivalciits 

4 he Pooraka Formaiion has getierally been 
userihcd lo the Laic Pleistocene, with mo.si 
niirneneal ages, based on radiocarbon dabng. I'alling 
wilhin Ihe lange of .50. OOI). 20.000 years iHee review 
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in Cullen cl al. 1995). There hiis not been universal 
agreeinem on to which pan of the Late Pleistocene 
the sediments should be allocated. Twidale (1968) 
assigned the Klcinzig Sand to the Late Pleistocene 
and demonstrated that it must be older than 6,330 
years BP. The distal end of the femur of a giant 
extinct marsupial, recovered from 3.6 m below' the 
suiTace ol a llllslralh terrace cut into the Adare Clay, 
in the Hindmarsh River, was dated at approximately 

12.600 years BP (Gak ^ 2356) (Gill & Bourman 
1972). Firman (1969) and Daily cl al. (1976) also 
considered the Pooraka Formation to be of Late 
I’leistocene age, but younger than the Amulara- 
bearing Glanville Formation, which is now^ widely 
accepted to be of last interglacial age (c. 125,000 yr 
BP; Miirray-Wallace cl al. 1988; MuiTay-Wallacc & 
Belpcrio 1991; Miirray-Wallace 1995: Belperio c/ f//. 
1995). Confident separation belweeit Late Pleistocene 
IMoraka Formation and earlier Pleistocene alluvial 
sediments is easily achieved in the coastal /one 
where they are separated by coastal facies. Inland, on 
the Adelaide Plains, the Pooraka Formation is readily 
distinguished from underlying Teiliary sands, the 
Keswick Cday and the Hindmarsh Clay. The IMoraka 
F’orinaiion is only weakly consolidated, carbonate 
impregnated and mottled in compari.son with the 
underlying units (vShcard & Bowman 1996). Ward 
( 1966) assigned the Christies Beach Formation to the 
Last Interglacial as he considered that the suiface on 
it was graded to the last interglacial shoreline (his 
Fpimonasterian high sea level) at approximately + 3 
in above present .sea level. However, at that time the 
La.st Interglacial was thought to be considerably 
younger than the present I25,()()0 years BP. 

lT(>m the Dry Creek alluvial fan, Williams (1969) 
described reddish-brown clay overlying older grey- 
green and red mottled clay, now known t(^ he the 
Keswick Clay (S heard cN Bowman 1987a,b; M. 
Sheard pers. comm. 1997). Williams (1969) also 
noted a calcareous red -brown earth developed within 
the sediments containing nodules and cylindroids of 
pcdogcnic calcium carbonate. A rudiocarl’ion age of 

34.600 ± 2700 years BP on carbonised wood from 
sand 3 m below the land surface was obtained by 
Williams ( 1969). The carbonised wood was regarded 
as detrital in origin and tin is was regarded as a 
reliable representation of the time of dqxxsition. 
However, if the carbon were detrital, its age should 
predate the lime of sedimentation, which would 
make the ' ^C date somewhat older than the time of 
deposiiion. The dale was taken to indicate a last 
glacial (Wiinn) age for the sediments. FiiHhcr 
radiocarbon dales supporting a last glacial (Win in) 



(jurrv. D,J. Geological reconnaissance of part ot Iho 

llundicdv ol LitJcouiUcr Oay mid Goolvva. R.Sc (Hoits) tliesi.s. I'lie 
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age were derived from a study of alluvial fans on the 
western side of the Flinders Ranges (Williams 1973). 
Carbonised detrital wood reeovered from depths of 
8-9 m and 15 m within the Pooraka Formation 
provided radiocarbon ages of 33,270 (-1- 2130 - 1680 
years) BP and> 37,000 years BP re.spectively. 

Stralig raph ic oh.se r \ ’all on.s 

Critical evidence concerning the age of the 
Pooraka Formation occurs at Victor Harbor. Here the 
relationships between the last interglacial shoreline 
and the Pooraka equivalent unit, the Adare Clay, 
suggc.st that the unit is inucli older than 50,000 years. 
Bourman ( 1968, 1969') established tlial red-coloured 
alluvium forms fill-top terraces along the Inniaii and 
Hindmarsh Rivers and grades to a shoreline at c. + 6 
m above present sea level. The age of the shoreline is 
considered to he crucial with respect to the age of the 
terraces and ibe sediments which underlie them. 
Tw'clvc. species of shells hav^c been idcniiried from 
thi.s shoreline deposit (Guppy 1943-) and it is 
significant that they contain the .sub-fossil Anadani 
trapezia. Initially. Bourman (1968, 1969') followed 
Sprigg (1952) and assigned these shells to the 
Holocene. Sub.seqnently, the shells were radiocarbon 
dated returning ages of 33,170 + 3,180 -2,270 years 
BP (GaK-5561 ) a^nd >30.320 years BP (GaK-6( W). 

Although the above dales are compatible with 
those of Williams (1969, 1973) they are questionable 
because the period around 30,000 years BP was a 
time of \ow sea level. Furthermore, it is now 
generally accepted that materials w'hose true ages are 
beyond the range of radiocarbon dating (> 40 ka for 
most laboratories) may yield younger apparent ages, 
due to the diagcnic incorporation of low levels of 
radiocarbon from modern activity. Thus, materials 
with an inluiiic age by radiocarbon dating techniques 
may yield an apparent age of 37 ka due to the 
incoiporation of 1% '*^C with a modern activity 
(Gupta & Polach 1985). Gill (1974) checked 
radiocarbon dales of this age against other dating 
techniques imd cone 1 tided that radiocarbon dating 
may be reliable for young materials but older 
materials may ret urn ages that are far loo young. 
Similar eonelusions were reported by Bowman & 
Harvey ( 1983) and Belpcrio el al. { 1984). 

Not only do Anatlara shells occur al the -h 6 ni 
shoreline at the coast al Victor Harbor, but extremely 
large Aaadara shells were recovered iVoni a sewer 
trench e. 1 .6 km upstream at a depth ol"4 ni below the 
surface, within the Pooraka Formation etiiiivaleiu 
unit and al the same absolute elevation of 6 m as al 
the shoreline (Fig. 2). A drilling programme (CSIRO 
Soils Division) further revealed the intimate 
association of Anadara shells with the Pooraka 
Formation equivalent unit, demonstrating that here 
(lie Anadara, last interglacial deposits (Glanville 
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equivalent, neai* the coast, at Victor Harbor provided 
strong indications that the Pooraka Formation might 
extend hack to the time of (he Last Interglacial. In 
order to test this hypothesis, and to determine 
whether the inland, terrestrial Pooraka Formation 
.sediments were of an equivalent age, an attempt was 
made to obtain a numerical age for this rormation 
using the technique ol' luminescence dating. A key 
site chosen l*or sam|)Ie collection for liiniincseence 
dating was the Dry Creek (Pooraka) locality where 
Williams (I96h) collected samples of detrital 
carbonised wood and carbonate for radiocarbon 
dating (Fig. 3). Unfortunately, the steep river bluff a( 
this site has now been contoured and landscaped so 
that it was not possible to sample from exactly the. 
same site as Williams (1969). 

A second sile on the River Torrens at Walkerville, 
where a thick Pooraka section had previously been 
exposed, was selected as a subsidiary luminescence 
dating sampling site. As both sites have suffered 
from human moditicalion and landseaping of the 
l\)rmer eroding river bluffs it was decided to collect 
samples Tor luinine.sceiice dating by drilling using an 
auger drill with an internal push cylinder. This 
method allowed sampling depths to he determined 
and the sample to be collected without exposure to 
lighl. Tw'o holes were drilled at Pooraka and one at 
Walkerville. vSamplcs were recovered at depths of 3.? 
m, 4.5 111 , 4.8 m and 7.5 in (for Pooraka) and 4.5 ni, 
5.5 in, 6.0 m, 7.5 m, 9.0 in and 9.3 in (for 
Walkerville). The drilling site at Pooraka was located 
7.74 m above the ba.se of Dry Creek and the second 
site was 11.68 m above the River Torrens level at 
Walkerville. The same holes were used for both 
sample col led ion and .scintillonietry for dose rate 
dcterminalion. A summary of data collected for the 



Pooraka and Walkerville samples is shown in Table 
1 . Sample PK 1 S from a depth of 3.5 m is close to ihc 
level From which Williams (1969) collected detrital 
carbon for dating. 

Luminescence dcuin^ methods 

Three methods for luminescence dating (LD) of 
the sediments were used: selective bleach 

thcrniolumine.sccnce (TL) of coarse-grain quartz 
(Prescott & Mojarrabi 1993) and green light 
stimulated-luminescence (GLSL) of both coarse 
grain quartz and of fine grain .separates (Aitken 
1994; Duller 1996). In the dating of .sediments it is 
assumed that exposure to sunlight is the agency that 
resets the luminescence clock and that the sample 
has been exposed to sunlight for a sufllciently long 
time that the stored energy giving rise to the 
lumineseenee has been reduced to a low, near zero, 
level. This is a reasonable assumption in open sites 
exposed to strong sunlight, but this may not be true 
where there is the possibility that the material was 
deposited by, or under, water, as in the present sites, 
or in a generally colluvial environment. Both the TL 
selective bleach and GLSL methods seek to 
overcome this uncertainty by making use of an 
easily- bleached component which can he reset to 
zero by short exposure to sunlight. It is assumed that 
this component has, in fact, been reset. Details of the 
methodology are presented in the appendix. 

Dating results 

Pilot TL runs were carried out on coarse grain 
quartz from all samples except PK2S/4.8, WV I S/7.5 
and WVl S/9.3. Such Rins arc designed to assess 
whether the sample is likely lo be datable and. if so. 



Taiu j I . Summiny of eoHretcd ditto for Pooraka and Wolkenille sotnplcs. 
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PPM Th 
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PPM Til 


PPM LI Set. 


PPM Th Set. 


ffK XRS 
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DNA 


DNA 












PKIS/.L5 


1.5 ±0.6 


7.0 ±2 


1.48 + 0.11 


7.23 ± 0.5 


1.74 ±0.17 


7.12 ±0.29 


1.08 ±0.03 


0.86 ±0.02 


6.8 ±0.07 


PK2S/4.5 


1.1 ±0.3 


7.8 ± 1 


1.26 + 0.1 1 


7.31 ±0.4 


1.75±0.17 


7.68 ± 0.29 


0.89 ± 0.03 


0.82 ±0.02 


3.7 ± 0.06 


PK2S/4.S 


I.l ±0.5 


6..^ ± 1 


1.10±().1() 


6.24 ±0.4 


1.34 ±0.1 6 


6.76 ± 0.28 


0.89 ±0.03 


0.91 ±0.03 


4.4 ±0.07 


PK1S/7..S 


1.2 ±(U^ 


7.1 ±2 


1.22 + 0.10 


6.91 +0.4 


1.74 + 0.17 


9.69 + 0.32 


1.20 + 0.04 


(.13 + 0.03 


12 ±0.07 


WA^l S/4.5 


1.8 ±0.3 


12+1 


1.81 ±0.12 


11.7 ±0.5 


1.89 + 0.24 


12.5 + 0.44 


1 .85 ± 0.06 


1.60 + 0.04 


8.8 ± 0.07 


WVl. S/5.5 


1 .6 ± 0.6 


14 ±2 


1.93 ±0.13 


12.6 ±0,6 


2.33 ± 0.24 


10.5 ± 0.42 


1.81 +0.05 


1.32 + 0.04 


7.5 ± 0.07 


WVl S/6.0 


1.9 ±0.5 


10+ 1 


1.86±0.12 


10.3 ±0.6 


2.47 ± 0.25 


12.1 ±0.48 


1,59 ±0.05 


1.54 ±0.04 


8.3 ± 0.07 


WVl S/7.5 


1.7 + 0.5 


11+2 


1.66 + 0.12 


11.8 + 0.6 


2.66 ± 0.26 


ll.l ±0.47 


1.71 +0.05 


1.49 + 0.04 


15.7 + 0.07 


WVlS/9.0 


L8±().5 


13± 1 


1.77 ±0.12 


13.4 ±0,6 


2.95 + 0.29 


13.4 + 0.50 


2.19 ±0.07 


171 ±03)4 


18.0 ±0.07 


WVl S/9.3 


1.2 + 0.5 


15 ±2 


1.88 ±0.13 


13.0 ±0.6 


2.95 ± 0.29 


13.4 + 0.50 


1.98 ±0.06 


L71 ±0.04 


16.4 ±0.07 



3'lie first two colunms are the results derived from 1 hick Source Alpha Counling. A DNA was done for uranium only: ppm 
Th (DNA) were obtained by combining the count-rale from ihick .source alpha counting and the uranium concentration from 
DNA. ppin U Set, ppm Th Set & %K Set were derived from the on-site gamma ray sciniillomelry data. 
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U> give u liniiled'iiccuracy esilmalc of the acquired 
luminescence and ihe scnsilivity u» radiaiion. and 
hence plan Ihe schedule for a complete dating 
pnicedure. A pilot run consists of eight discs; half of 
these are bleached, after which two discs each of 
bleached and unbleached are given a radiation dose 
of 60 Gy. For all samples except PK I S/3.5, the 
shalh»vvesl of the Pooraka samples, the TL was 
clemly saturated and nt) further work on them was 
justified. Although PKl S/3.5 was approaching 
saturation, a full dating procedure was carried out for 
both TLand GLSL. 

Such procedures gi\e the Equivalent Dose, De. a 
measure in grays of the energy absorbed by the 




Fig. 4a. (jIow curves for sample PK I S/3.5. The figmes next 
m each curve indicate the do.se in Gy. 




I 'ig. 4b. GESI- shiiiemmvu eun'e.s (or .sample PK I S/3.5. 
The I’igdres next to each curve indicate the dose in Gy, 



sample from radiation in the environment since it 
was last reset to zero. The age of the sample is round 
hy dividing the equivalent dose by the dose rale in 
gray per kihivear (Gy ka '). 

Equh iileut doses, dose rates and (v^es 
TL glow curves are shown in Figure 4a, shine- 
down curves in Figure 4b and corresponding dose 
curves arc shown in Figures 5a, b respectively. None 
(T the curves is sealed. It is evident that the close 
curve of quart/ (Fig. 5a l is close to saturation but that 
the growth cun^e for GLSL on line grains (Fig- 5b) 
has a different shape and the curve continues to rise 
qimsi-ljncarly for high doses. Tliis is because the 




Figr 5a. TF. growth airvc for safiiple PKIS/3 5 for the 10 
interval at 305'^ C For Figures 5a and b, the euj ves arc 
lined by die 'Aiisirahan .sikte” method; the (natural + 
dose) points arc shown by crosses: the (bleached -r dose) 
points are shown by circles. There is an apparent 
scnsilivity change hir the Tl bleached curve bin ihe 
scaling I'lictor does not dilTer .signillcaiUly fmin unity. 




Fig- 5b. GLSL growili curve for sample PK I S/3.5 
inicgrated over the first 100 s. 
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seleciive bIcaLh TL 


(JLSL 


GLSL 


lUSI 


f) tiv 


J4U ± 51^ 


2DS ±44 


204 ± 1 5 


> 150 


dose rale 


TS.UVI)NA/XRS 


■SCI NT 


rSACYDNA/VKS 


.SCIM 


t.«y ka 


I uu ±o.nu 


l.UU ±0.04 


2..S4 + 0.I2 


2 54±0.1 1 


Wcighicil ineari 


I.U7 • 0.03 




2.54 ± 


O.OS 


age ka 


I2b:t20 


10.'> ± 22 


1 |h±b 


> 100 



iindirriTcnhiilcd I'liic grains cunnisi id' a mixuifi* of Tor GFSl. nf line* grains, on die odier hand. Ihe 
minerals in whieli quail/ and feldspar arc dominaiil. presence ol lhe leldspai euinpunent allows 1\. u> he 

Thus allhougli ihe quail/ omipniienl saluratcs, ihe found with significanlly heilcr precision, 

leldspar eornpoiienl does nol. Equivalenl dose values The best csliiiiale ol the lime ol dopiisilion (d 
from all ihree inelhods appear in the first line of sample PKlS/3.5 is Ihe weighted mean age, I lb ± 

Table 2. li will be noted lhal ihe two melhods of b ka. In faeu ihis is dominated by llie (iLSL 

linding I), give dilTerenl values: this is eluiraclerislic cleiermiiuilion on fine grains. li is probably best li^ 

ol Ihe melhods. regard the quart/ deloriTiinalions by selective bleach 

Two (lislinci melhods lor finding the dose rales and CiLSl, as being Mipp«>rlive of ihe GLSL fine 

were used ideseribed in die appendix), ihe aim being grain age. Al Ihe iwo staiidaid deviation level ihc age 

lo gel two indepcndciil values for each sample, lo exceeds 104 ka. C’unsisieni with these numbers, die 

improve the sialislieal preejs(t»n and us a check on saturation of die luinmcsccncc of all ihe other 

ihe presence ol ratlioaclive disequilibrium iPrescoll samples shows lhal they aie as old or (dder lhan this. 

^ lluiiun loqsr’rhe values obtained are included in Therefore, although only one sample has yielded a 
Table 2. As widi D . ilose rales* dilTer Toi coarse and numerical age, there is enough eviileiiee lo eslablish 

fine grains The values iire in excellent inumal a lowci limit to the age of the rormaiiou and il js in 

agreemenl and this shows iluu rndioaelive support of Ihe geoinorphological and sedi 

di.sequilibrium is absenl. menlologicul evidence. 

The weighted mean dose rales are shown on line 3: In addition to the three mcdiods already described, 

line 4 show/s the ages dciived from the IX using the udra-red stimulated liiniiiieseonee (IRSL) of fine 

age eqiiati* Ml lV<>m (ho appendix -The weighted mean, giains tWinile 1004) wa.s ined IRSL uses only 

I lb ± b ka is domiiialed by die GFSI. determination feldspars and is less susceptible lo saluration, 

for line grains. allhough il may be subiecl lo long term fading. 

Allhougli Ihe growUh curve >vus similar in shape ii» 
Comnivni die GLSL curve of i*ignre 3a, Ihc sialislieal filling 

Allow'ing for sialislieal lilting uncerlainiies, all procedures did not satisfy our criteria for an 

three ages are in jeood agreement. Bearing in mind acceptable IX. beyond showing that it was greater 

lhal they are based «ui different physical pnx'cssc.s, lhan 100 ka. Whether this is due lo ihc sample or ihc 

.ill of which assume lhal Ihe limiineseenco signal was methodi>lt»gy remain.s to be determined. Flowcvcr. 
set to zero in Ihe past, il shows lhal this W'us very the resuli is suffTciontly encouraging to suggest dial 

likely the case and that die age being determined i.s it may be possible lo find ages Irom Iho lower levels 

indeed the time of deposilion If it is nni so. tlie al Pooraka and lorWalkcrvillc where quart/ inelhods 
apparenl ages will be loo large. were unsuccess fuL 

As already mcniioiicd. ihc dose gmvvlh curve of 
Figure 5a, which is lor qiiavl/ TL. shows ihat die Oiseiission 

luminesceiiee is elt*se (<> sauiralitui For Ihis reason The locaiion of the dale derived from the uppei 
Ihe eslimale of relative uiieerlainiy given by the seelion of the Pooraka Formalioii al a dcpih of 3.."^ in 

aiuilysi.s is large. This is also li ne for Cl .SI . ol quail/.. beh)W' the surface is in ciuiiplelc accordance with ihe 
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numcrivul otilaincU oI 1 16 ± 6 K;i. wilh Ihc Ljsl 
Intcr^Liaal ranijini’ I'rum approximiik.‘ly M2-I 18 ko 
I SCO Chen cl itl. ; l/aiiihcck &i Niikaila IW2i Zhu 
ill. Stirling €-•; ul. IW5; Pisenhaiicr it til 

P^hh). i lie (Il.SL Icclmiqilc vilTcrs Ihe possihililv ul 
uMaiiiing ii luminescence dale lor Imvci scciions nf 
fhc Hoorakii lomiation llicrchy CuciliriUMiiJ Mic 
cakuLilion (»r Ihe rales of scdiincnialion during Ihe 

I ,JM Iniei'iThicial: ii may he iluit sedimeniaii<m diiriiig 
Waiinei. wdler. Iasi iiUcrglacial linics ^va^t|u^lc rapid 
and Ihis IcchiikjUL: olTeis the opporturiily to icsi ihis 

I I lea. 

'I licsc rcsiili.^ sui’gcsi a fur gicalcr age ranee lor ihe 
Pourrika I'ormai'rin ihan hns prcviuiisly luum 
recoeni'^ed In Ihe pa.sl, ihe age of the lA^oraka 
Inmiaiinn has hcen poorly consiraincd m aboiil 20 * 
Td) ka BP. possibly because ol the novv-kiiovvn 
liimlation.v ol’ fadiocarhon dating. Piirihenimre, ii 
should Milled that olhei iiiclhods such us TL, 
f ii.Sl and IKSL were ikH availahle when rudLiiy ol 
ihe ludiocaibon dales were sained out. 

Many sihservatioiis and coivs indicuic than in 
places. Ihe Poor.ika P^vrinaiion appears lo hr youngei 
Ilian Ihe la.sl inlerglaeial Cilaiiville roimaliim, 
espcLially in siib.snling areas. I tir cxamplc. 
Ludhmok ( P) 70 ) in die Pori Adelaide area deserihed 
Pooraka l-ormaiion overlying caleieleJ Glanvillc 
hM’inain>n. uluch in uiin ovcilay Hindmaish Clay, 
liclperio ami Kicc |PJS 9 ) .diowetl lhal n| 62 cores 
lioin ihc Gillinan area. I I record ilie seijiicncc ol' 
lloUuenc overlying calcreled Glanville I ormalion 
wilhoiii Pooriika Formal ion. and .S record ijoloceni' 
ovci lying Pooiaka which oserlies calcivied Glanville 
r(ani.ilioii. The calcreled suiTaees are inlerpreleil as 
pedogenic fcauiios developed duiing suhaeiial 
exposure and vvoultl have lormed prior lo ilic 
<k-posjiion ol'ihe overlying sediments of the FAioraka 
IA>rtiialion. |n eonlra.sk lour of ihc e<>res reeord a 
sequence ol I lolocene/Fooraka/Glam ille l orniuiion. 
wnhoiir a wcll-dewloped calcrete on ihe Gl.mville 
1 ‘ormaiion, and one records iiiicrmixmg ol’ Pooraka 
and GlanN illc. These Iasi ernes may iiidieaie eocNal 
Glanville and Pooraka sedimentalion or liMle lime 
break helwcen fhi* IWi». 

FAlensive work by Sheard Sc Bowman ( 1 ^ 6 ). 
wliicli imohctl tirillmg eoivs lo depths of 10 m at 
170 siies over the Adelaide fNains, iniersccled 
f*oor;ika lorimuion in SO cores. Ihi.s work 
coiri>boiaie>s die rnulnigs ol'Belperio ^ Rice l lOSOi 
lor ihe cr»aslal /<me More landward sue.*- iniliealcd 
ihe sequences \o be: I loIocene/l^>oruka/Ke.swick 
C *hi\ /Houlmjrsh Clay .ihlI Moli>ceuo/f’o«»i'aka/ 
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Keswick Clay/Teniary samls virAOelaidenn rocks. Af 
die 80 sues imerscctnig Pooraka Forniaiion 

scdimciils. .Slieard A’ Bowman ilOOo) raroly 
oSpoliciKvd diO'IcUlhes m idciiOry ing Pooraka 
rormaiiun from ihc o\ei lying and umleriving 
riKiiciialsiM Shctud pers. ci;»inni. I0V7). 

Recciir drilling work by VVoodhead <v til, (1005 i 
lor Baulderstone llornibrook in die Moldfasi Slmrcs 
(Glcnolg Palawaloiiga Rcdevdopiiieiil urea) has 
denu in. siralcil lhal deposil.s ol Pooiaka romuiljoii 
2-4 m Ihick occur well otTshorc iVoiu Ihe 

preseni coasi line. These depo.sils arc dclacluil 
rmni moi\ landward deposits either by /ones 
o) noihdcposllion by early Holocene erosiv»n. 
Variable siraligraphic relalionships are appareni in 
diis locsiliiy. Pot c.xaniple. the lollowing relationslii|v% 
ol I loloccnc/Pooraka/Glanv ille/HindmaTsh I'lay. 
Ilol(»cenc/Glunvillo/ llindinarsh Clay i»r HoloronW 
Fulham vSand/Poi)iaka/Cj|aiiviIle/l Imdinarsh Cla\/ 
nccur vviihin an 800 m east-w'OM scclion. 

li may he lhal (he Pooraka Pornuuion was 
deposited ovei a considerable peritid ol' time. This 
^ Icwv IS also su|»poi leil by Hie oeciineiice o| 
palacosols vvdhiri Pooraka loiinalion equivaleiil 
scilimenrs as exposed in Sellicks Creek and Coh(»lcrs 
Creek. The lumineseence dala indiealc an age 
approximately ahneidcnl wilh the f.asi InkMglacial 
( 12.5 ka BP), hill the resulls iti any one place may lie 
inOnenced by ihe tcnesirial/marinc inleraciions. For 
example, il lhere is not an aclive supply ol alluvuiin 
10 the eoaslline then marine deposiiion. exposure ami 
udcrole Itunialiori xvjII di>mlnale. iii |>laees 
suhsetiuenOy manlleJ by Pooraka or Holocene 
sedimenis. || may he dial only where ihore ts a 
siilTicienl supply ol lerrestrial sedimenis to die 
coast line, siicli as w here streams debouch al iho 
loasOino in ivlaOvely consirained valleys le.g, 
Hindmarsh River al Vidor Harbor), Ihai ihe 
inici lingering el laraeicri sties of the iwu .sediiricnls 
can he denionstraied. It is also possible lhal Pooraka 
F'oiinanon sedimenis do nol reach ihe position ol die 
Glans ille l omialion iniiil afler it has been calcreled, 
It sluHild bo noted that imieh ol ihe Pooiaka 
F(>nnahon Iva.s been deposited inlaml, v\e|l beyoiul 
die elevation and plani metric posilion ol die last 
inkrglaeial shoreline, so lhal in these siuiaiions then- 
is no clear siraiigniphic relationship heiwcen the two 
nniis 

ImpliiLitiifiis of tlw Pifurnkn !)>rmntiuo tMt udiuii 
htu'k fo thv iiisf hil 

II the inlerpretalinn lhal Ihc Pooruku r*uniahori 
c.xlends hack lo llic Last Inlcrglacial Is eorrcci, vi le 
evaluation of ihe railioearhon ages rhai indicalc 
glueia) or iiilersiudial ages for the scdiineiiis is 
required Alternatively, ihe conriictnig ivsnli> may 
>uggesl llrai there could bo sedimeots, whnh 
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ullhou^li similiii, OLCupv a range o| ages. 

Ai 4i lulinbcr i>r lofalions. lIk' Pouraka I’CuinaluHi 
has kvn n<»loJ lo iwqrlio ihc (ilaiivillL‘ Poifnalion 
wllh a variably ilcvciupcj cakrelf, snggfsiing 
MiiiacL* L'.xpn.surL* prior lo burial by yomigei hu^rakii 
bomraiinn sctllnu*n(s lilscvvhcru. such as in Ihc 
lower Hiiulmarsh RivcM. whurv iherc is an inicipluy 
i»l coeval coasliil and icrresiiial cvciils. Ihc 
sriiiligraphic rclalionslnpK hclwecn the PtH»rak'a ami 
(jlanvillc bnnnulions may >imply rcpivscnl a lacics 
change and not a geological succession A 
con.sideiahic innc micrval may be rcqniicd lor ihc 
de|»osi(ii»n ‘>1 the Pi>orak<i rornnnion s(i dial iis age 
cotdtl be diachronic, with dcpi»silion *.»esnrniig 
dining ihc rise in sea level up (<» and beyonvJ Ltriu of 
Ihc Iasi inicrglacial level 

•\ Iasi inieiyluciul age provides appropriulc palaco 
chiiiuhc and palaco-sea level ciindidolis for 
expUiining the ilislribnlion ol the Pooraka l oimalioii. 
nose 10 die coast the umi relmcs lo a shore line 
higher than the modern one. while inland Ihc welter, 
nwei’glacifd itmililions WiiiiUI have lavourcd 
aggradation of sediments as opposed h> tlr'icr. glasial 
cnntliiinns that would have racrlilalctl di.sscciion. 
This timing would also ensure siirficicnr time both 
lor the build up oresteiiMve deposits ot ihc Potiraku 
t'l'irnaiion over large areas ineluiling much o| ihe 
eitv ol Adelaitie. and (irne during glacials and 
inier'^tadials lor erosion ul the Piioraku Ponnarioii in 
develop die cMeiisivc icrruee syMcm ol die River 
ronviis (T’widale IbOS). 

A Iasi iiiierglacial age for iho Pooraka I onviabon is 
orsignilieanee Tor areliacological prospceling. Al llie 
pieseiK nine theiv is dehmc enneerning ihe dntii|inly 
oi‘ lunnan.s on ihc Ausiraliaii eoniinoni. Suhsiannal 
ehallgcs in vegelatr<)n »*clrJted to Ahoriginal burning, 
praeliee.s have been itUeiprelOd tis i’esuKing tiiun 
luimaii iinpaei and used lo infer Ihc arrival •»!' people 
in Ansiralia .is long ago as 140.00U years (Kcidiaw 
n itl. Kersimw \W. 1W4.* Ib‘>5i lhe.se 

ehnms have bc-eii quoslinncd by various workers (e g. 
Andcr.MMi IW; Hope P^94; While Webb 

|oU3j. II ihe Pvioraka K)rmaliori isol Iasi inicrglacial 
age ii may present <i prnspeciing opporluniiy U* |esL 
if Aboriginal cnlnnisiitinn had occiirrcd in soulhcni 
Aiisutdia iiKot lo Ul^.OOO ycai> liP during Ihe I me 
nf ibe peniillimaie glacial low sea level. 

A mirnir paUu-smuignetic eveni ihc so-callcJ 
•'Rluke hvciit*'. has been iilehliticil ill the mailieni 
hemi.sphere in loess sajueiKes (Hongbo cl ul IhO.s) 
at npproKiinaiely 120 ka. Cjiveii lhal the general age 
id Ihe Pnoiaka I nmialiim is almnsi tcriainlv of hoi 
inicrglacial age, and lhal the upper [lari ol the 
lonmilion Inis been ascribed a GI..SI age of I 16 ± n 
ka, there may be o|ipi)rinnhics lu identity the Blake 
CNcnl in ihe soiilherii hemisidieie. 

A Iasi inleivhieial ays* lor the Pot»raka I’oi iiunitMi 



has iiiiplieatioiis fnj ihe anliquiiv id Ibe hipmitfiltfii 
In the AdedaKle aiea. [tipiolodonlid remains have 
been recorded well back into Ts'iiiarv sirala in the 
Nnrih Flinders-C'allabonna Plains areas (Callen ^ 
Tedfoid 1676; Pledge At Ted lord Id60; M. J. Sheaul 
pers. eomin. 1667.) i»ul not, so far, in the Ailelaide 
area. Discoveries of DipvtHodon remains liave been 
inade m the Pooruku Pf-rmiilion (Twithile P.)6M, N. 
Pledge pers. comm. 1966) of ihc Adcdaide area and 
while ihe f)ipmfo(/ftn may have predated and 
.survived well beyond the age ol this sedimcnlurv 
imn. if was almost cerl.unly roaming Ihc s\vamp>. 
aggrading Adelaide Plains some l2.'i.(HK) years ago. 

The ago has fun her implications foi land.seapc 
cvollilion as iherc appears to have hcen a maior 
cn»sioniil hiatus id some 120.000 years belween ihs^ 
deposition of the Pooraka l*ormaliun and ihe grey- 
black Waldeila Ponnaiiom which is of mid-Holoeeiie 
age. riiere were m* sea levels higher than (he prescnl 
in Ihc intervening period so lhal erosion would have 
doiiimaied this inicivul of time. Aliernalivciy, any 
seiliinents deposiled during this lime amid have 
been removed in laic stages of erosion. 

(inclusions 

The main conelusion from tins work is thin ihe 
Pnoraka Pomi.iiion rnu^i span a far greatci lime 
perioil Ilian picvmiisly recognised, prubalds 
exicnding as i/ir back a.s Past Interglacial time i.e. 
12-'i ka. It appear.s lhal Ibe leehmit and 
eiivironmciilal selling, whidi iidluonavs the siippls 
til iciresirial seilimeiUs lo the coastline, is ol esneme 
irnpof lance in irilerprcling the vital igtaphis 
re.lmionships between the Pooraka Forriiahon and Ihe 
Cdanvilic Ponnaiion. Much mure luminescence 
dating w«M'k is requilsHl lo loiv-frain or doeiimcni ihc 
age ranges in different .>ctling‘' i.e, in Ihe Vietoi 
Harbor setting where the Iwo are inlet mixed, in 
conirnsi t*' ihe Pt>rt Adelaide selling where ;i majot 
ealcTOh* palaeost)! separale.s iheiii Vv'c may expect 
lurnineseenee dating leelmiques lo di»eiimenl ages 
from last inierglaeml liiiiCs. po.ssibly ihoHigh I*» .^0- 
.Sll k.i. if the L|n*ari/ grains are siirfieieiiily lesei. This 
y)IVcrs llie py»s>.il>iliiy ‘»l provaling <i iiinre reliable 
dating tool than r.idiocaihon teehnitjue.s. which still 
snuggle lo prtis file ineainngfiil dates pasl 10 kn. 

Ihe reil-hrovvn iilliivial scdinieiiis. rdened u\ as 
P'loraka rormalion and a|ui\aleiils, arc eniisidcixul 
lo extend baek ui ui least the l.asi Inleiglacial ol e 
125.000 years Bf: This i.s deninnstrated by ihi* 
stiallgiaphieMl lebaionship^ ol the red-brown 
sediments lo hyilh yminger and older scdirnenis, the 
mieriligiuiling of ilenionsi rated last inteiglaeial 
marine ilcposiis vviili them then grading lo a r 6 ni 
higher shtirellm* containing last interglacial marine 
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I'osn'iIs al Vidor Harhor, anil ihc fad lhal a hi^’her sea 
k'vd. lo^L'ihcr willi associaidl warmer and wdier 
L'ondiijons would luvtmr aggiailalinn. wlicreas 
o>lder, drier glacial eondilioiiH associated with lower 
sea levels would liavc lavourcd erosion. All t)rihese 
ladors suppori a Iasi inlcr^laeial age. 

i'he luininesocnec data havedemonsiraied viahiliiy 
as an iiidependenl means ol testing I he hypothesis 
dial the Pooraka l•ormalion is ol Iasi inlerglaeial age. 
f liiv ial sediments present special [iiohlenis lor 
luminescence dating because the sediments being 
svalci-depositcd. may not have been exposed to 
suilligln li>r siillleiently long te» /en> the cjiiart/. 
grains* resulting in inherited saliiralion levels within 
the grains. A luidici complication may he that in the 
Atlelaide area, the sediments may have not beeti 
transported snlTieient disianees for the ijiian/ grains 
to have been /croed. Given these conslraints, it is 
eAtremely gralilying that it was piissible to aelueve a 
reliable lumine.seence age lor the l\ioraka Formation 
u( Dry Givek. ollering the possibility oJ' I'urlluT 
advaiiev in ihis area, 

,An aim ol this project was to establish the 
cllcdiveiiess ol lumineseeiiee as a dating l.cchni(|uc 



lor Quaternary Hu vial sediments m order to resol sc 
dilTertng iineiptvlalions ol'ihcirages and to racililaie 
Ciirrelaiion of river terraces in dilYoreiii valley 
systems. C learly, ihcte is a need Tor many lurlher 
dates to be obtained horn nver leriaee and alluvial 
Ian deposits over wider-ranging areas to \vrif>' the 
eoiiehisioiis of the pTC.scnl work. Kowever, the 
implieations ol an age Tor the Pooraka FormaliMU 
extending back to the Last Interglacial are so 
sigmlleanl lhal our preliminary re.sulls are pre.senled 
here and provide the basis for riiriher study. 
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Appendix: Methodology for luminescence dating 



Quartz grains (90-120 pm) were extracted as described in 
Huntley et al. (1993). Briefly, pure quartz of the right size 
was obtained by pretreating with HC!, followed by NaOH 
to break up clay aggmgates, sieving, etching with 40% HF 
for 40 minutes at 20° C, magnetic separation and floating 
on heavy liquid at specific gravity 2.67. For measurement, 
5.0 ± 0.1 mg was deposited on stainless steel discs. 
Individual discs were post glow do.se normalised with 6 Gy. 

Fine grain.s (undifferentiated as to mineralogy) were 
separated after the HCl and NaOH extractions by settling 
from aqueous O.OIN NaOH, the 4-11 pm fraction being 
retained. This was then deposited on aluminium discs from 
acetone suspension, about 1 mg per disc. Individual discs 
were 0.5 s shoit-shine normalised. 

As stated in the main text, both dating protocols make use 
of the easily bleached component of lumine.scence. In the 
case of TL this component is selected for by both 
temperature and wavelength of cmis.sion (Prescott & 
Mojarrabi 1993). For GLSL it is as.su med that the 
stimulated emission comes from the easily-bleached 
component; optical filters also .select for this component 
(Huntley et al. 1991). The output is expressed as intensity 
as a function of temperature for TL and as a function of 
shine-down time for GLSL*. 

For both protocols the emitted intensity is measured for 
“naturar samples and for samples which have received 
additional doses from a calibrated laboratory beta-source 
(N+B). About half of these samples are exposed to 
laboratory bleaching by .sunlight filtered by a 475 nm long- 
wavclength-pass filter (Chris James 101); this bleach 
removes the rapidly bleaching component completely. 
Some bleached discs arc also irradiated (YB+6) to provide 
the shape of the “missing” part of the dose curve at doses 
less than the natural dose. The data analysis follows the so- 
called “Australian slide” procedure (Readhead 1988; 
Prescott et al. 1993) and the data output is the equivalent 
dose De expressed in grays. Such curves are known as “dose 
curves”. 

Two methods of dose rate determination were used: In 
situ scintillometry (sec e.g., Hutton & Prescott 1992) uses a 
sodium iodide scintillation ci7Stal, 75 mm x 75 mm 
diameter in the auger hole from which the sample for dating 



is taken. The instrument is calibrated for fC, U and Th and, 
independently, for total gamma ray dose. Scintillometry 
gives a completely self-contained measure of dose rate. 

Thick source alpha particle counting (TSAC) (Jen.sen & 
Prescott 1983; Huntley et al. 1986) gives a value for the 
contribution to the dose rate from U and Th together, and an 
estimate of the U and Th concentrations .separately. In fact, 
the dose rate to the sample is effectively determined by the 
total alpha count and is almo.st independent of the relative 
amounts of U and Th. However, the measured ratio allows 
a (small) adjustment to be made to the dose rate. Combined 
with measurement of K, TSAC gives an independent 
measure of dose rate. X-ray Huoresccncc spectrometry is 
used to find K. 

In addition, U was found using delayed neutron 
activation (DNA). If this diffei'ssignificantly from tlie other 
methods of assay for uranium, it givers an indication of 
radioactive disequilibrium, which was not the case here. It 
is most conveniently cojnbined with the data from alpha 
counting to give the U concenti-ation and hence a more 
accurate value forTh. These are the values shown in Table 
I. 

Tabic ! include.s the elemental analyses for all .samples. 
The dose rates calculated for PKl S/3,5 using the 
conversion factors of Nambi &Aitken (1986) are shown in 
Table 2. The water content measured at the time of 
sampling was used in the dose rate calculations. Cosmic ray 
do.se rates have been added in (Prescott &. Hutton 1994). All 
data are included in Table 1. even though a numerical age 
was found for only one sample. 

The age calculation is conveniently expre.ssed in terms of 
the so-called “Age Equation”: 

Age (ka) = TL of sample 

TL per unit dose (TL/Gy) x dose rate (Gy ka ') 

In this equation, "TL of sample” (which measures the 
accumulated energy) and “TL per unit dose” (which defines 
the .sensitivity of the material to radiation) are measured in 
the laboratory on quanz or fine grains extracted from the 
sample; and "dose rate” is determined from measurements 
in the field and/or laboratory. 



